Aims: Alcoholic hepatitis is a severe complication of alcoholism, associated with high short-term mortality. Although pathogenesis remains obscure, it is generally accepted that lipopolysaccharideinduced cytokine secretion with further generation of reactive oxygen species (ROS) play outstanding roles. Prognosis is uncertain, and the usually employed prognostic scores do not include variables related to ROS generation. Therefore, this study was performed to assess short-term prognostic value of cytokines, nutritional status, different scores [Maddrey, model for end-stage liver disease (MELD), albumin, bilirubin, INR, creatinine index (ABIC), Lille, Glasgow, MELD-Na, Child-Pugh] and malondialdehyde (MDA, as an indicator of lipid peroxidation) at admission and after 1 week, among patients affected by severe acute alcoholic hepatitis (Maddrey index >32). Methods: Sixty-two patients affected by severe acute alcoholic hepatitis, for whom we calculated Maddrey, MELD, ABIC, Lille, Glasgow, MELD-Na, Child-Pugh, and determined serum MDA and interleukin (IL)-6, IL-8, IL-4, tumor necrosis factor alpha and interferon gamma levels at admission and after 1 week. Results: Twenty-four patients died during the follow-up period. MDA showed a better prognostic accuracy than the aforementioned scores, both at admission and after 1 week. Conclusion: Our study supports the importance of including MDA assessment in the prognostic evaluation of patients with alcoholic hepatitis. Short summary: Alcoholic hepatitis is associated with high short-term mortality. Although not included in prognostic scores, lipid peroxidation plays an outstanding role in its pathogenesis. We found that malondialdehyde levels showed a better prognostic accuracy than the usually employed scores. Therefore, it should be included in the prognostic evaluation of these patients.
INTRODUCTION
Alcoholic hepatitis is a severe complication of alcoholism, associated with high short-term mortality, ranging from 35 to 50% within the first 6 months following diagnosis (O´Shea et al., 2010) . Despite intensive research, natural history of the disease has not substantially changed in the last four decades, and there is no satisfactory specific therapy. Only supportive care and, possibly, steroids, may reduce mortality (for instance, Maddrey et al., 1978; Ramond et al., 1992) , although other authors did not find benefit with this drug (Theodossi et al., 1982; Thursz et al., 2015) . One of the reasons underlying this therapeutical uncertainity and poor results is that pathogenesis remains obscure, although it is generally accepted that lipopolysaccharide-induced cytokine secretion (Jampana and Khan, 2011) , with further generation of reactive oxygen species (ROS) play outstanding roles (Ceni et al., 2014) . Secreted cytokines include a wide range of these mediators, the following being of special importance: tumor necrosis factor alpha (TNF-α) and interleukin (IL)-6, initially derived from Kupffer cells activation; interferon gamma (IFN-γ), as a biochemical indicator of Th1 lymphocyte stimulation; IL-4, as a marker of Th2 lymphocyte stimulation, and IL-8, a potent chemoattractant for neutrophils (Crews et al., 2006) . Despite the importance of cytokine secretion as a trigger mechanism for inflammation in alcoholic hepatitis, trials using anti-TNF molecules, in the wide sense, such as pentoxyfilline, infliximab or etanercept, have failed to find any benefit (Naveau et al., 2004; Thursz et al., 2015) . Although severe decline in hepatic function carries an ominous prognosis, liver regeneration capacity seems to play a pivotal role in survival (Lanthier et al., 2015) , perhaps explaining why, in some cases, evolution is positive, despite initial features of severe liver failure.
Prognosis is uncertain. As a consequence of this, several scores have been designed to help in therapy decision making. In addition to the classic Child-Pugh classification (Infante-Rivard et al., 1987) , that is more a prognostic score for liver cirrhosis (Srikureja et al., 2005) , one of the first prognostic scale that was implemented was Maddrey score (Maddrey et al., 1978; Maddrey, 2000) . This score takes into account some variables that assess liver function derangement, but not many others strongly related to survival, such as the concomitant presence of hepatitis C virus infection (Thuluvath et al., 2013) or systemic inflammatory response syndrome (Mikolasevic et al., 2015) . More recently developed prognostic scores incorporate renal function, included in MELD scale (Kamath et al., 2001) and MELD-Na variant (Vaa et al ., 2011) , Lille model (Louvet et al., 2007) , ABIC score (Domínguez et al., 2008) and Glasgow score (Forrest et al., 2005) , but not inflammatory response or the presence of products of lipid peroxidation, despite their major role in the pathogenesis of acute alcoholic hepatitis, triggering oxidative damage and hepatocellular necrosis. Based on these facts, the aim of the present study is to assess prognostic value of cytokines and malondialdehyde (MDA, as an indicator of lipid peroxidation) at admission and after 1 week, among patients affected by severe acute alcoholic hepatitis (Maddrey score ≥32), comparing them with that provided by the classic prognostic scores commented before.
PATIENTS AND METHODS
We included 62 patients affected by severe acute alcoholic hepatitis (Maddrey score ≥32), admitted to our hospitalization unit during a 6-year period. For diagnosis, we relied on the following criteria (all must be met for the patient to be included): (a) development of jaundice in <3 months; (b) confirmed alcohol abuse; (c) serum bilirubin greater than 3 mg/dl with moderate elevation of transaminases. Patients with the following criteria were excluded: (a) those under 18 years of age; (b) active malignancy; (c) non-alcoholic liver disease; (d) hemodynamic instability due to sepsis or hemorrhage at admission.
Liver function scores
The following scores related with prognosis were assessed: the Child-Pugh classification (including bilirubin, prothrombin time, albumin, ascitis and encephalopathy), Maddrey score (including bilirubin and prothrombin time), MELD score (including bilirubin, prothrombin (as international normalized ratio = INR) and creatinine), MELD-Na score (that also includes sodium), Glasgow alcoholic hepatitis score (including age, white blood cells count, urea nitrogen, INR and bilirubin), Lille model (including age, albumin, bilirubin, creatinine and prothrombin time) and ABIC score (including age, INR, bilirubin and creatinine). These scores were calculated both at admission and 1 week after admission, except Lille model, which already includes data recorded at the seventh day of admission. Only five patients had ultrasonographic and/or clinical features that were not indicative of cirrhosis. On the contrary, clinically advanced liver disease was observed in the vast majority of patients: encephalopathy (25 cases), ascitis (37 cases), ultrasonographically assessed portal hypertension (dilated portal vein, splenomegaly) (53 cases) and severe liver failure (Child C patients) (47 cases). All were jaundiced.
Cytokines and biochemical parameters
Blood samples were taken at 8.00 a.m. in fasting conditions, at admission (within the first 48 h) and 1 week later. Blood samples were immediately frozen at −20°C. The following parameters were determined by Luminex ® Performance Assay (R&D Systems, Minneapolis, MN, USA): TNF-α, with a sensitivity of 1.50 pg/ml; IL-4, with a sensitivity of 4.46 pg/ml; IL-6, with a sensitivity of 1.11 pg/ml; IL-8, with a sensitivity of 1.97 pg/ml; and IFN-γ, with a sensitivity of 1.27 pg/ml.
Lipid peroxidation products
Lipid peroxidation is a complex process, in which several products, including MDA, are generated. MDA reacts with thiobarbituric acid (TBA), generating an MDA-TBA adduct that can be easily measured. Although non-specific (Janero, 1990) , MDA determination following this procedure is widely utilized to estimate lipid peroxidation. In this study, we have followed the method described by Kikugawa et al. (1992) to measure serum MDA, referred to as thiobarbituric acid-reactive substance (TBARS). A volume sample of 0.2 ml of plasma was added to 0.2 ml of H 3 PO 4 (0.2 M) and the color reaction was initiated by the addition of 25 µl of 0.11 M TBA solution. Samples were placed in a 90°C heating block for 45 min. After the samples were cooled, the TBARSs (pink complex color) were extracted with 0.4 ml of n-butanol. Butanol phase was separated by centrifugation at 6000×g for 10 min. Aliquots of the n-butanol phase were placed in a 96-well plate and read at 535 nm in a microlate spectrophotometer reader (Benchmark Plus, Bio-Rad, Hercules, CA, USA). The calibration curve was prepared with authentic MDA standards ranging from 0 to 20 µM. The intra-and inter-assay variation coefficients were 1.82 and 4.01, respectively. The detection limit of this assay was 0.079 nmol/ml. For avoiding possible interferences of compounds that react or absorb at 532 nm, each sample was provided by our blank tube (sample without TBA reagent) and the absorbance was subtracted from the each sample tube (Hodges et al, 1999) . Furthermore, in this assay, the use of butanol as extracting agent of complex of TBARS prevents many of these interferences (Valenzuela, 1991) .
Ethics
The study protocol was approved by the local ethics committee of our Hospital (2015_42) and the University of La Laguna (Secretaría General, number 2020, March 2005) and was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki.
Statistics
The Kolmogorov-Smirnov test was used to test normality, a condition not fulfilled by the variables analyzed. Therefore, nonparametric tests, such as Mann-Whitney U-test (Z), were used to analyze the differences in these variables between groups. For analysis of categorical variables, Chi-square test was used. Cox regression model was also performed with those parameters that were significantly related to mortality with the univariate analysis (Kaplan-Meier curves, log rank and Breslow tests). We applied the receiver operating characteristic (ROC) curves to calculate area under the curve of those variables with independent prognostic value.
RESULTS
Mean age was 52.5 ± 10.7; median 52.5, interquartile range (IR) 44-59 years; 13 were women and 49 were men. Some demographic and biological data of these patients at inclusion are shown in Table 1 . As shown in the table, 38 patients received corticosteroid therapy. Patients were followed up during at least 180 days after admission. During this period, 38.7% patients died (24 patients).
The main cause of death was sepsis (54.2%), followed by liver failure (16.7%). The use of corticosteroids was not associated with mortality (log rank P = 0.29; Breslow P = 0.24).
Baseline parameters
Patients who died during admission showed higher values of MELD (Z = 2.14; P = 0.032), MELD-Na (Z = 2.44; P = 0.015), serum creatinine (Z = 2.47; P = 0.013), total bilirubin (Z = 3.01, P = 0.003) and serum MDA (Z = 3.38; P = 0.001) (Fig. 1a) . Serum IL-8 levels were also higher in patients who died (Z = 2.05; P = 0.041). Similar results were also obtained when survival was analyzed using Kaplan-Meier curves (Table 2) . Differences in survival comparing MDA levels below or above the median were especially evident (Fig. 2a) . We performed a Cox regression model, stepwisely introducing those parameters that showed statistical significance. Serum creatinine and serum MDA levels were the parameters with independent prognostic value (hazard ratio, HR = 3.76, P < 0.001 and HR = 1.09, P = 0.001, respectively, see Table 4 ). Parameters at the first week After 1 week, patients who died during admission showed higher MDA (Z = 3.80, P < 0.001) (Fig. 1b) , Child-Pugh classification (Z = 2.37; P = 0.018), MELD score (Z = 3.61; P < 0.001), MELDNa score (Z = 3.82; P < 0.001), Maddrey score (Z = 3.19; P = 0.001), Glasgow score (Z = 2.89; P = 0.004) and ABIC score (Z = 2.84; P = 0.004), and again, serum creatinine (Z = 2.69; P = 0.007); and bilirubin (Z = 3.50; P < 0.001). Similar results were also obtained when survival was analyzed using Kaplan-Meier curves (Table 2) . Differences in survival comparing MDA levels below or above the median were especially evident (Fig. 2b) . In the Cox regression model, MDA at the first week was the only independent variable selected (HR = 1.07, P = 0.011, see Table 4 ).
Changes between admission and first week
When we compared variables at the first week and at admission, worsening of MDA was associated with a greater mortality (Z = 2.02, P = 0.044) (Fig. 1c) ; the same was observed with a worsening of MELD score (Z = 2.41, P = 0.016), Glasgow score (Z = 2.02; P = 0.043), Maddrey score (Z = 2.41, P = 0.016), Child-Pugh classification (Z = 2.03, P = 0.042) and Lille Model (Z = 2.85; P = 0.004).
Furthermore, the worsening of bilirubin (Z = 2.23, P = 0.025) and prothrombin time (Z = 2.12, P = 0.034) were also related with mortality. Similar results were also obtained when survival was analyzed using Kaplan-Meier curves (Table 3 ). In Fig. 2c , we show survival associated with improvement or impairment of MDA. In Cox regression model, Lille model was the only independent prognostic factor (HR = 7.55, P = 0.021, see Table 4 ).
ROC curves
When we analyzed the ROC curves of variables with independent prognostic value, we found that MDA, both at admission and after the first week, had the highest area under the curve (0.78 and 0.84, respectively), followed by Lille model (0.74) and by creatinine at admission (0.58) (see Fig. 3 ).
DISCUSSION
In this study, we analyzed the prognosis of patients affected by severe acute alcoholic hepatitis, defined by Maddrey score at admission ≥32. This is a devastating disease, in which metabolic effects of ethanol ingestion-usually massive in the days immediately preceding Creatinine (mg/dl) ≥1.0 7.14; P = 0.008 7.32; P = 0.007 ≥1.0 7.65; P = 0.006 6.71; P = 0.01 Bilirubin (mg/dl) ≥16.1 9.32; P = 0.002 8.57; P = 0.003 ≥20.1 17.77; P < 0.001 11.17; P < 0.001 Prothrombin time (%) ≤54.9 6.64; P = 0.010 6.04; P = 0.014 MELD ≥27 9.51; P = 0.002 9.09; P = 0.003 ≥26 17.95, P < 0.001 15.75, P < 0.001 MELD-Na ≥27 9.00; P = 0.003 9.20; P = 0.002 ≥28 18.39, P < 0.001 17.83, P < 0.001 Child-Pugh B vs C 4.36; P = 0.037 4.55; P = 0.033 B vs C 9.82; P = 0.002 9.93; P = 0.002 Maddrey ≥56.6 15.71, P < 0.001 15.67, P < 0.001 Glasgow ≥8 10.33, P = 0.001 9.57, P = 0.002 ABIC ≥8 12.28; P < 0.001 12.18; P < 0.001 IL-8 (ng/ml) ≥188.93 4.01; P = 0.045 3.99; P = 0.046 Serum MDA (nmol/ml) ≥20.95 8.66; P = 0.003 8.16; P = 0.004 ≥21.55 8.50; P = 0.004 6.44; P = 0.011
Only statistically significant results of log rank and Breslow values are shown. Fig. 2 . Kaplan-Meier curves of serum MDA: (a) at admission (log rank = 8.66, P = 0.003; Breslow = 8.16, P = 0.004); (b) at the first week (log rank = 17.28, P < 0.001; Breslow = 16.82, P < 0.001) and (c) differences between the two moments (log rank = 3.88, P = 0.049; Breslow = 4.63, P = 0.031).
hospital admission-add to the ongoing inflammation caused by activation of Kupffer cells. Indeed, many authors consider that pathophysiology of acute alcoholic hepatitis may be explained on the basis of the effects of increased secretion of proinflammatory cytokines (Naveau et al., 2004) . Both ethanol metabolism, especially by the MEOS system (Mello et al., 2008) , and proinflammatory cytokines contribute to an increased production of ROS, including MDA, among others. MDA is a highly reactive compound that forms adducts with proteins and DNA, leading to cell damage and mutagenicity. In addition, MDA forms adducts with acetaldehyde, forming malnodialdehyde-acetaldehyde adducts (MAA), that are highly immunogenic and also promote secretion of chemokines and cytokines, thus closing a deleterious positive feedback loop (Tuma, 2002) . Therefore, both direct effects of MDA and MAA and immune response elicited by MAA contribute to liver damage (Willis et al, 2002) . In this study, it is remarkable that increased MDA levels yield a prognostic value at least similar to that provided by classic scores of severity. It is also important to take into account the finding that the relation of MDA with mortality is not restricted to the values observed at admission, but also to those observed 1 week later. This assertion not only refers to MDA, but also to the scores analyzed. In Figs. 1 and 2 , we clearly show that those patients who died had a rise in MDA levels in contrast with those who survived, who also showed lower values at the beginning. Unfortunately, there is no specific therapy for alcoholic hepatitis, besides corticosteroids and supportive care. The patients included in this study were treated following standard guidelines, but it seems that the evolution during the first week is critical regarding prognosis, in contrast with the results reported by others authors (Louvet et al., 2015) . Mechanisms underlying this obscure panorama are not fully clear, since we failed to find any consistent alteration in cytokine secretion by these patients during the first week, except IL-8, that was increased in patients who died. This chemokine is the mediator that stimulates neutrophilic infiltration in the liver parenchyma and disease progression (Dominguez et al., 2009) . However, in the multivariate analysis, prognostic value is displaced by serum MDA.
Although there was a trend to increased cytokine secretion, the only parameters heavily associated with a worse prognosis were those that measure the derangement of liver function, renal function and increased lipid peroxidation. It is important to point out the importance of renal function impairment in assessing prognosis of the patients: all MELD and MELD-Na variant, Glasgow and ABIC scores include creatinine (or BUN). It is also noteworthy that creatinine by itself at admission is also related to mortality.
A recent study underscores the importance of the regenerative process in short-term prognosis of alcoholic hepatitis. Higher liver macrophage expansion, increased proliferative hepatocyte but also liver progenitor cells number as well as upregulation of cell proliferation-related genes are associated with a favorable outcome (Lanthier et al., 2015) . In this sense, age is associated with decreased liver regeneration (Kim et al., 2015) , although we did not find that age was related to mortality. Also, oxidative stress may hamper hepatic regeneration (Ben Mosbah et al., 2014) . Therefore, oxidative stress not only causes a direct damage to liver cell and triggers cytokine secretion, but also impairs the 'reparative' process aimed to regenerate altered hepatocytes.
Others authors have designed a histological score (Casanova and Bataller, 2014) with limited usefulness in a clinical setting due to the fact that it needs histological assessment. It has been recently shown that the presence of several histological alterations including the degree of fibrosis, degree of neutrophil infiltration, type of bilirubin stasis and presence of megamitochondria was independently associated with 90-day mortality (Altamirano et al., 2014) .
CONCLUSION
The results of this study are fully consistent with the pathogenetic role of oxidative damage in acute alcoholic hepatitis, and underscore the importance of ROS generation in the prognosis of these patients. This study suggests that it would be also important to include MDA assessment in the prognostic evaluation of patients with alcoholic hepatitis, either as a single variable or as a part of any of the clinically available scores mentioned in this study. 
